Almost 90 %o of the Trinidad strain of Venezuelan equine encephalomyelitis (VEE) virus survived for 1 hr after aerosolization into a dark environment at 30% relative humidity (RH), and 78% survived for 1 hr at 60% RH. After exposure to simulated solar radiation (584 mcal per cm2 per min) 0.02% of the aerosolized virus survived for 1 hr at 30% RH and 0.006% survived for 1 hr at 60% RH. When 1.0 mg of sodium fluorescein per ml was added to suspensions prior to aerosol dissemination (to determine physical loss of aerosol), no virus was detected after 30 min at either RH upon irradiation. Sodium fluorescein also exhibited some toxicity (31 % survival at 60 min) for nonirradiated aerosols of VEE virus at 60% RH; no effect was noted at 30%.
Previous studies in this laboratory have shown that sodium fluorescein adversely affects the viable recovery of irradiated airborne Escherichia coli and Serratia marcescens (2) . The data also indicated that sodium fluorescein, which is commonly employed to determine physical loss of aerosolized material (5, 6) , was less toxic for E. coli and S. marcescens when the aerosols were not irradiated. It was postulated, therefore, that at least two mechanisms of inactivation were operative, one in a dark and one in an irradiated environment.
In an effort to study further the reaction of sodium fluorescein employed as a physical tracer for irradiated aerosols, we carried out a study to detect its effect on airborne Venezuelan equine encephalomyelitis (VEE) virus exposed to simulated solar radiation. We report the results of experiments carried out at 30 and 60% relative humidity (RH).
MATERIALS AND METHODS
Virus culture. The suspension of the Trinidad strain of VEE virus was prepared after 10 passages in chick fibroblast monolayers. The virus was harvested in 0.02 M phosphate buffer, pH 7.5, after the tenth passage and then was stabilized by the addition of 0.3% bovine serum albumin (BSA). The preparation was centrifuged at 1,000 rev/min for 10 min to remove cellular debris and then at 20,000 rev/min for 2.5 hr to sediment the virus particles. The centrifuged material was resuspended in 0.02 M phosphate buffer, pH 7.5, containing 0.3% BSA, dispensed in 2-ml portions, and frozen at -60 C until used. These preparations contained about 101-3 plaque-forming units (PFU) per ml.
VEE virus assay. Aerosol samples of VEE virus were collected and diluted in heart infusion broth, and the viable virus concentration was assayed by plaque formation on chick fibroblast monolayers. Five milliliters of chick fibroblasts (8 X 106 to 10 X 106/ml) suspended in growth medium (Eagle's basal medium, 500 ml; fetal calf serum, 50 ml: lactalbumin hydrolysate, 25 ml; plus penicillin, streptomycin, and aureomycin) was seeded onto plates and incubated overnight in a 5% CO2 atmosphere at 35 C. Prior to virus assay, the liquid was decanted and the plates were then inoculated with 0.1 ml of the appropriate virus dilution and allowed 30 min for viral attachment. Five milliliters of an agar overlay (growth medium plus 1% Noble agar) was added to each plate before incubation in a 5% CO2 atmosphere for 36 hr at 35 C. One milliliter of 0.1% neutral red was placed directly on top of the overlay, and the excess was decanted after a few minutes. Plates were incubated for 6 additional hr, the plaques counted, and the concentrations recorded as PFU/ml of sample.
The concentration of sodium fluorescein in samples was determined with an Aminco light-scattering microphotometer as previously described (2) .
Aerosol generation and sampling. The techniques and apparatus employed for aerosol generation and sampling were the same as those described previously (2), except where specifically noted. Aerosols were generated at either 30 or 60% RH; the temperature was 22 C (72 F). Samples were obtained at selected intervals in 6-liters-per-min all-glass impingers containing 20 ml of heart infusion broth (4). Simulated solar radiation and associated sensing equipment. This equipment has been described previously (2). Simulated solar radiation was provided by a 10-kw xenon lamp mounted beneath the aerosol chamber.
The light sensor employed for this study consisted of 12 thermopiles, 10 of which were fitted with interference filters to allow measurement of the incident energy in selected wavelength ranges; the other two measured total energy over a range of 300 to 2,500 nm. Total light intensity and the incident energy contained in 10 selected wavelength increments as measured in these experiments are shown in Table 1 .
Experimental design. A completely randomized design was used for this study. Randomization involved two levels of simulated solar radiation intensity (0 and 584 mcal/cm2/min'), two concentrations of fluorescein (O and 1.0 mg/ml of culture), and two levels of RH (30 and 60%c). Three Fig. 1 and 2 ). This finding suggests that an interaction between irradiation and sodium fluorescein had taken place.
Irradiation also increased the rate of loss of sodium fluorescein from the aerosol ( VOL. 21, 1971 coli and S. marcescens (2) . The limited reaction of the virus to the dye in this particular case may be due to extreme sensitivity of a small fraction of a heterogeneous viral population or to other unknown factors. The results of the statistical analysis indicate that it is extremely unlikely that this finding is fortuitous.
These experiments indicate that a suspension of VEE virus that contains sodium fluorescein, when aerosolized into an irradiated atmosphere at high RH, may be affected by a number of factors acting alone or in combination. These include the stresses encountered in a dark environment as well as those associated with radiation. It is also possible, as we have previously suggested (2) , that components of the suspending medium in addition to sodium fluorescein may be altered by irradiation and become toxic for the virus.
In a previous publication (2), the sigmoid shape of the decay curves was interpreted as indicating that more than one mechanism of reaction was involved in aerosols of irradiated bacteria. In the case of this virus, the decay curves seem to be exponential, and there is no evidence that more than one mechanism is involved. It is possible, therefore, that each adverse environ-APPL. MICROBIOL. mental factor increased the rate of the mechanism responsible for decreased survival. Further research upon the mechanism of action is contemplated.
